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NAME
rtrace - trace rays in RADIANCE scene

SYNOPSIS
rtrace [ options] [ $EVAR ] [ @file] octree
rtrace [ options ] —defaults

DESCRIPTION
Rtracetraces rays from the standard input through the RADIANCE scera by octreeand sends the
results to the standard output. (The octree may\sa gis he output of a command enclosed in quotes and
preceded by a ‘I'.) Input for each ray is:

xorg yorg zorg xdir ydir zdir

If the direction vector is (0,0,0), a bogus record is printed and the output is flusheekif/shee is one or
zero. (Sedhe notes on this option b&l) This may be useful for programs that mirace as a separate
process. Irthe second form, the defaulalues for the options (modified by those options present) are
printed with a brief explanation.

Options may be gen on the command line and/or read from the environment and/or read from & file.
command argument gening with a dollar sign ('$’) is immediately replaced by the contents of tlea gi
ervironment \ariable. Acommand argument beginning with an at sign (@’) is immediately replaced by
the contents of the ¢gn file. Mostoptions are follwed by one or more arguments, which must be sepa-
rated from the option and each other by white spdde exceptions to this rule are the boolean options.
Normally, the appearance of a boolean option causes a feature to be "toggled", that is switchefdtérom of
on or on to dfdepending on its pugous state. Boolean options may also be set explicitly byvioip
them immediately with a '+’ or ’-’, meaning on or off, respeéi. Synoryms for '+’ are ag of the char
acters "yYtT1", and synonyms for '-" areyaof the characters "nNfFO"All other characters will generate

an error.

-fio Format input according to the characteand output according to the character Rtace
understands the following input and output formaas:for ascii, 'f’ for single-precision float-
ing point, and 'd’ for double-precision floating poinn addition to these three choices, the
character 'c’ may be used to denote 4-byte floating point (Radiance) color format for the output
of values only(—ov option, belav). If the output character is missing, the input format is used.

Note that there is no space between this option and its argument.
-ospec Produce output fields accordingdpec. Characters are interpreted as follows:
origin (input)
drrection (normalized)
value (radiance)
contribution (radiance)

weight

S s << ao

color coefficient

effective length of ray

first intersection distance

local (u,v) coordinates

point of intersection

normal at intersection (perturbed)

normal at intersection (unperturbed)

w zZz 3 T O

arface name
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-te mod

-ti mod

-tE file

-Xres

-y res

-n nproc

-dj frac

RADIANCE

RTRACE(1)

m modifier name

M material name

tilde (end of trace marker)

If the letter 't appears ispecthen the fields follawing will be printed for eery ray traced, not

just the final resultlf the capital letter 'T" is gien instead of 't’, then all rays will be reported,
including shadw testing rays to light sourcesSpavned rays are indented one tab for each
level. Thetilde marker (™) is a handy ay of differentiating the final ray value from daughter
values in a traced ray tree, and usually appears right befor¢ tre’T’ output flags. E.g.,
—-ov ' TmWwill emit a tilde followed by a tab at the end of each trace, which can be easily dis-
tinguished een in binary output.

Note that there is no space between this option and its argument.

Appendmodto the trace exclude list, so that it will not be reported by the trace dptittt).

Any ray striking an object véng mod as its modifier will not be reported to the standard out-
put with the rest of the rays being traced. This option has no effect unless either the 't’ or 'T’
option has been ggn as p@rt of the output specifierAny number of excluded modifiers may

be gwen, but each must appear in a separate option.

Add modto the trace include list, so that it will be reported by the trace option. The program
can use either an include list or an exclude list, but not both.

Same as-te, except read modifiers to be excluded frdite. The RAYPATH environment
variable determines which directories are searched for this file. The modifier names are sepa-
rated by white space in the file.

Same asti, except read modifiers to be included frdite.

Boolean switch to compute irradiance rather than radiaalktees. Thisonly affects the final

result, substituting a Lambertian sagé and multiplying the radiance by pi. Glass and other
transparent surfaces are ignored during this stage. Light sources still appear with their original
radiance values, though thelv option (below) may be used tweasride this. This option is
especially useful in conjunction with ximage(1) for computing illuminance at scene points.

Boolean switch to control uncorrelated random sampling. When "off" wadiscrepancy
sequence is used, which reducesiance but can result in a brushed appearance in specular
highlights. Wher'on", pure Monte Carlo sampling is used in all calculations.

Boolean switch to compute irradiance rather than radiance, with the input origin and direction
interpreted instead as measurement point and orientation.

Boolean switch for information header on output.

Set the x resolution tees. The output will be flushed aftevery res input rays if-y is set to
zero. Avalue of one means thatery ray will be flushed, whater the setting ofy. A value
of zero means that no output flushing willeégkace.

Set the y resolution tees. The program will exit afteres scanlines hae keen processed,
where a scanline is the number of raygegiby the —x option, or 1 if-x is zero. A value of
zero means the program will not halt until the end of file is reached.

If both —x and-y options are gien, a resolution string is printed at the beginning of the out-
put. Thisis mostly useful for recering image dimensions witpvalue(1),and for creating
valid Radiance picture files using the color output format. (Seefthaption, aboe.)

Execute in parallel omproc local processes. This option is incompatible with e and

—PP, options. Multipleprocesses also do not work properly with ray tree output usingfan

the —o*t* options. Therds no benefit from specifying more processes than there are cores
awailable on the system or th& setting, which forces a wait at each flush.

Set the direct jittering tdrac. A value of zero samples each source at specific sample points
(see the—ds option below), giing a smoother but somewhat less accurate rendedng.
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-dsfrac

-dt frac

—dc frac

-dr N

-dp D

—dv

-sssamp

-stfrac

-bv

RTRACE(1)

positve value causes rays to be distiibdd aver each source sample according to its size,
resulting in more accurate penumbrdsis option should ner be geater than 1, and may
even cause problems (such as speckle) when @haevis smaller A warning about aimingdil-

ure will issued iffrac is too large.

Set the direct sampling ratio foac. A light source will be subdivided until the width of each
sample area divided by the distance to the illuminated point isvlible ratio. This assures
accuray in regons close to large area sources at a slight computatigpahse. Avalue of
zero turns source subdivision off, sending at most one shiayoto each light source.

Set the direct threshold tivac. Shadav testing will stop when the potential contriton of at

least the ng and at most all remaining light sources is less than this fraction of the accumu-
lated \alue. (See¢he—dc option belav.) The remaining light source contutions are approxi-
mated statistically A value of zero means that all light sources will be tested for shado

Set the direct certainty térac. A value of one guarantees that the absolute acgcurfathe
direct calculation will be equal to or better than thaegin the—dt specification. Avalue of
zero only insures that all shaddines resulting in a contrast change greater thanrdhspeci-
fication will be calculated.

Set the number of relays for secondary sourceBl.tA value of 0 means that secondary
sources will be ignoredA value of 1 means that sources will be made into first generation sec-
ondary sources; aalue of 2 means that first generation secondary sources will also be made
into second generation secondary sources, and so on.

Set the secondary source presampling density tdtis is the number of samples per stera-

dian that will be used to determine ahead of time whether or not it is worth followingashado
rays through all the reflections and/or transmissions associated with a secondary source path.
A value of 0 means that the full secondary source path witlyal be tested for shadows if it is
tested at all.

Boolean switch for light source visibilityWith this switch off, sources will be black when
viewed directly although thewill still participate in the direct calculationThis option is
mostly for the progranmkillum(1)to avoid inappropriate counting of light sources, but it may
also be desirable in conjunction with theoption.

Set the specular samplinggamp. For values less than 1, this is thegdee to which the high-
lights are sampled for rough specular materidlssalue greater than one causes multiple ray
samples to be sent to reduce noise at a commmesuratedogaiue of zero means that no jit-
tering will take pace, and all reflections will appear shavprewhen thg should be diffuse.

Set the specular sampling thresholdftac. This is the minimum fraction of reflection or
transmission, under which no specular sampling is perforrdedalue of zero means that
highlights will alvays be sampled by tracing reflected or transmitted rdysalue of one
means that specular sampling ivereused. Highlightdrom light sources will avays be cor
rect, but reflections from other surfaces will be approximated using an amdlieat YAsam-
pling threshold between zero and ontef a compromise between image acouad ren-
dering time.

Boolean switch for back face visibilitywith this switch off, backdces of all objects will be
invisible to viev rays. Thids dangerous unless the modelsixconstructed such that all sué
normals face outard. Althoughturning of back face visibility does not ga nuch computa-

tion time under most circumstances, it may be useful as a tool for scene debugging, or for see-
ing through one-sided walls from the outside.

-av red grn blu

RADIANCE

Set the ambientalue to a radiance @&d grn blu . This is the final value used in place of an
indirect light calculation. If the number of ambient bounces is one or greater and the ambient
value weight is non-zero (seaw and-ab belaw), this value may be modified by the computed
indirect values to impnee oveall accurag.
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-aw N

-ab N

-ar res

-aaacc

-adN

-asN

-af fname

-aemod

-ai mod

-aE file

-al file

RTRACE(1)

Set the relatie weight of the ambient value\gin with the-av option toN. As nev indirect
irradiances are computed, yhwill modify the default ambient value in a movingeeage, with
the specified weight assigned to the initial valuegion he command and all other weights
setto 1. If a value of 0 is\gn with this option, then the initial ambient value isreremodi-
fied. Thisis the safest value for scenes with largéedénces in indirect contributions, such as
when both indoor and outdoor (daylight) areas are visible.

Set the number of ambient bouncesNo This is the maximum number of diffuse bounces
computed by the indirect calculatioA value of zero implies no indirect calculation.

Set the ambient resolution tes. This number will determine the maximum density of ambi-

ent values used in interpolatioirror will start to increase on surfaces spaced closer than the
scene size divided by the ambient resolution. The maximum ambient value density is the scene
size times the ambient accuygsee the-aa option below) divided by the ambient resolution.

The scene size can be determined uggigfo(1) with the—d option on the input octree.

Set the ambient accurato acc. This value will approximately equal the error from indirect
illuminance interpolation A value of zero implies no interpolation.

Set the number of ambient divisionsNo The error in the Monte Carlo calculation of indirect
illuminance will be iwversely proportional to the square root of this numbgwalue of zero
implies no indirect calculation.

Set the number of ambient super-sampleN.tGupersamples are applied only to the ambient
divisions which she a dgnificant change.

Set the ambient file téhame. This is where indirect illuminance will be stored and reéde
Normally, indirect illuminance values arefit in memory and lost when the program finishes
or dies. By using a file, differentuncations can share illuminancalues, saving time in the
computation. Theambient file is in a machine-independent binary format which cardme-e
ined withlookamb(1).

The ambient file may also be used as a means of communication and data sharing between
simultaneously xecuting processes. The same file may be used by multiple processes, possi-
bly running on diferent machines and accessing the file via the networla{g£4)). The net-

work lock managelockd(8)is used to insure that this information is used consistently.

If any calculation parameters are changed or the scene is modified, the old ambient file should
be remwed so hat the calculation can stanven from scratch.For cornvenience, the original
ambient parameters are listed in the header of the ambienG&kinfo(1)may be used to print

out this information.

Appendmod to the ambient exclude list, so that it will not be considered during the indirect
calculation. Thids a hack for speeding the indirect computation by ignoring certain objects.
Any object haing mod as its modifier will get the default ambienvderather than a calcu-
lated \alue. Ary number of excluded modifiers may beai, but each must appear in a sepa-
rate option.

Add modto the ambient include list, so that it will be considered during the indirect calcula-
tion. Theprogram can use either an include list or an exclude list, but not both.

Same as-ae, except read modifiers to bexa@uded from file. The RAYPATH environment
variable determines which directories are searched for this file. The modifier names are sepa-
rated by white space in the file.

Same asai, except read modifiers to be included frdite.

-merext gext bext

RADIANCE

Set the global medium extinction cfieient to the indicated colpm units of 1/distance (dis-
tance in vorld coordinates). Light will be scattered or absorbest distance according to this
value. Theratio of scattering to total scattering plus absorption is set by the albedo parameter
described belw.
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-maralb galb balb
Set the global medium albedo to theepi value between @ Oand 11 1. A zero \alue
means that all light not transmitted by the medium is absorhaditary value means that all
light not transmitted by the medium is scattered in somedirection. Theisotropy of scat-
tering is determined by the Heyney-Greenstein paranuetseribed beb.

-mggecc Set the medium Hmey-Greenstein eccentricity parameteigezc. This parameter determines
how strongly scatteringdvas the forward directionA value of O indicates perfectly isotropic
scattering. Aghis parameter approaches 1, scattering tends to prefer the forward direction.

—ms sampdist
Set the medium sampling distancesampdistjn world coordinate units. During source scat-
tering, this will be the \werage distance between adjacent samphesialue of 0 means that
only one sample will be taken per light source withinvergicattering volume.

-Ir N Limit reflections to a maximum d¥l, if N is a positve integer If N is zero or ngative, then
Russian roulette is used for ray termination, andltheetting (belas) must be posite. If N
is a ngative integer then this sets the upper limit of reflections past which Russian roulette
will be used. In scenes with dielectrics and total internal reflection, a setting of 0 (no limit)
may cause a stackaflow.

-lw frac Limit the weight of each ray to a minimum &faic. During ray-tracing, a record is kept of the
estimated contribution (weight) a ray wouldvlan the image.If this weight is less than the
specified minimum and thdr setting (abwe) is positive, the ray is not tracedOtherwise,
Russian roulette is used to continue rays with a probability equal to the ray weight divided by
the gven frac.

-Id Boolean switch to limit ray distancef this option is set, then rays will only be traced as far as
the magnitude of each directioector Otherwise, vector magnitude is ignored and rays are
traced to infinity.

-e efile Send error messages and progress repoefieéanstead of the standard error.
-wW Boolean switch to suppress warning messages.

—-Ppfile  Execute in a persistent mode, usipfile as the control file. Persistertegution means that
after reaching end-of-file on its inputrace will fork a child process that will @it for another
rtrace command with the sameP option to attach to it(Note that since the rest of the com-
mand line options will be those of the originalanation, it is not necessary tovgiany agu-
ments besidesP for subsequent calls.Killing the process is achied with the kill(1) com-
mand. (Theprocess ID in the first line opfile may be used to identify theaiting rtrace
process.) Thisption may be used with thdr option of pinterp(1)to avoid the cost of start-
ing uprtrace mary times.

—-PPpfile Execute in continuous-forking persistent mode, ugifite as the control file. The dédrence
between this option and thd€® option described alve is the creation of multiple duplicate
processes to handleyanumber of attaches. This provides a simple and reliable mechanism of
memory sharing on most multiprocessing platforms, sincefdhig2) system call will share
memory on a copy-on-write basis.

EXAMPLES
To compute radiance values for the rays listed in samples.inp:

rtrace —@ scene.oct < samples.inp > radiance.out
To compute illuminance values at locations selected with the 't" commaxidnafje(1):

ximage scene.hdr | rtrace —h —x 1 —i scene.oct | rcalc —e '$1=47.4*$1+120*$2+11.6*$3’
To record the object identifier corresponding to each pixel in an image:

vwrays —fd scene.hdr | rtrace —fda ‘vwrays —d scene.hdr' —os scene.oct

To compute an image with an unusualwimapping:
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cnt 480 640 | rcalc —e 'xr:640;yr:480’ —f unusual wial | rtrace —x 640 -y 480 —fac scene.oct >

unusual.hdr
ENVIRONMENT
RAYPATH the directories to check for auxiliary files.
FILES
tMp/rEX XX XXX common header information for picture sequence
DIAGNOSTICS

If the program terminates from an input related erttog exit status will be 1A system related error
results in an exit status of X.the program recees a sgnal that is caught, it will exit with a status of B
each case, an error message will be printed to the standaraetoahe file designated by thes option.

AUTHOR
Greg Ward

SEE ALSO
getinfo(1), lookamb(1), oconv(1), pfilt(1), pinterp(1), pvalue(1), rpict(1), rcontrib(1), rvu(1), vwrays(l1),
ximage(1)
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